Lactate dehydrogenase (E.G. 1.1.1.27, LDH) consists of two kinds of subunits (termed M-and H-type) which have different antigenicities (Markert et al., 1962) . It is also well known that this enzyme is a tetramer constituted from subunits, namely H4, H3M, H2M2, HM3 and M4 (Appella, 1961; Cahn et al., 1962; Nisselbaum et al., 1963; Fondy et al., 1964) . As the isozyme pattern of this enzyme is specific to tissues and to species, a study on the isozyme pattern of LDH is expected to provide a good tool for recognizing the difference in metabolism of the two isozymes during biogenesis in tissues or species (Fine et al., 1963; Kaplan et al., 1964; Wilson et al., 1964; Friz, 1965) .
Many attempts have been made to show the distribution of LDH in tissues by using enzyme histochemical methods (Fahimi et al., 1964; Wenzel et al., 1971; Hecker 1972; Hanker et al., 1973; Meijer, 1973) . Furthermore, paying attention to the difference in heat stability and in resistance against inhibitor reagents among isozymes, the distribution pattern of each isozyme has been examined in heart, skeletal muscle and in kidney by enzyme histochemical methods (Kunge, 1967; McMillan, 1967; Tsygankov et al., 1971; Baba et al., 1971) . The localization of LDH isozymes has also been reported in heart, liver, kidney and skeletal muscle by use of fluorescent antibody on the light microscopic level (Ito et al., 1973; Baba et al., 1976) .
However, the localization of LDH isozymes in liver has not been reported on the electron microscopic level yet. In this study, LDH isozymes (LDH-M4 and LDH-H4), which have different antigenicities, were purified from rat skeletal muscle, and the localization of each isozyme was investigated in rat liver on the electron microscopic level, by staining the tissue with peroxidase-labeled antibodies prepared against each isozyme. cytoplasm of the parenchymal cells. Especially, a strong reaction was recognized surrounding the rough-surfaced endoplasmic reticulum. A scanty amount of reaction products were observed on the cell membrane facing Disse's space, bile canaliculi, and on the cristal membrane of the mitochondria. In the control experiment, the reaction deposits were hardly recognizable on the cell membrane facing Disse's space, bile canaliculi and on the membrane of mitochondrial cristae. Therefore, the reaction on the membrane systems mentioned above was found to be specific to LDH, even though the amount of the final reaction products was small. The reaction products were not observed either in the stellate cells of Kupffer or in the endothelial cells of sinusoid.
Localization of LDH isozyme by the immunohistochemical technique;
The purity of the antigen: The purity of LDH isozyme at each step of the purification procedure described above is summarized in Table 1 . Finally, LDH-M4 isozyme was prepared about 70 times as pure as the crude extract. The final product showed the nature of a homogeneous protein on the polyacrylamide gel electrophoresis. The specific activity of LDH-H4 isozyme obtained in this experiment was about 8 times higher than the original homogenate. Because the concentration of LDH-H4 isozyme in the skeletal muscle was much lower than that of LDH-M4 isozyme, the activity of LDH in homogenate was mainly due to the presence of LDH-M4 isozyme. So, the purity of LDH-H4 was not simply judged from the increase of specific activity in the final product. In fact, the electrophoregram of the final product of LDH-H4 showed a single major band and two associated minor bands near the major band. Specificity of antibody: Anti-LDH-M4 serum showed a single precipitine line against liver homogenate in the double diffusion test of Ouchterlony ( Fig. 3-a) . On the other hand, anti-LDH-H4 serum showed one major precipitine line and minor line against liver homogenate (Fig. 3-b) . The major precipitine line was stained positively by the histochemical staining method for lactate dehydrogenase, while the minor one was not stained. No precipitine line occurred between anti-LDH-M4 serum and LDH-H4 isozyme (Fig. 3-c) , or between anti-LDH-H4 serum and LDH-M4 isozyme (Fig. 3-d) .
Observation with light microscope: After staining with peroxidase-labeled anti-LDH-M4 antibody, the positive reaction was diffusely present in the cytoplasm of the parenchymal cells (Fig. 4-a) . Although there was a slight difference in reactivity 3-a) Homogenate of rat liver (40 mg protein/ml) is placed in the center well and anti-LDH-M4 serum is placed in the surrounding wells. Anti-LDH-M4 serum (80 mg protein/ml) is diluted in a multiple and is placed clockwise from the top. One precipitine line is observed, and the LDH activity is demonstrated on the line. 3-b) Homogenate of rat liver (160 mg protein/ml) is placed in the center well and anti-LDH-H4 serum (75 mg protein/ml) is placed in the surrounding six wells in a multiple dilution, clockwise from the top. The LDH activity is recognized on the main precipitine line, but not on the minor line. 3-c) Anti-LDH-M4 serum (80 mg protein/ml) is placed in the center well and purified isozymes are placed in the surrounding six wells. From the top to the right are LDH-M4 (3 mg protein/ml), LDH-H4 (2 mg protein/ml), LDH-M4 (3 mg protein/ml), LDH-H4 (2 mg protein/ml), LDH-M4 (3 mg protein/ml) and LDH-H4 (2 mg protein/ml). Anti-LDH-M4 serum shows the precipitation only against LDH-M4 isozyme, but not against LDH-H4 isozyme. 3-d) Anti-LDH-H4 serum (75 mg protein/ml) is placed in the center well and LDH isozymes are placed in the surrounding six wells in the same manner as in 3-c. Anti-LDH-H4 serum shows the precipitine line against LDH-H4 isozyme, but not against LDH-M4 isozyme.
between each parenchymal cell, there was no significant difference in stainability among the three zones in the lobule. In the section stained with peroxidase-labeled antibody against LDH-H4 isozyme, the positive reactions were recognized diffusely in the cytoplasm of the parenchymal cells and near the cell membrane facing the Disse's space (Fig. 4-b) . Observation with electron microscope: Being stained with peroxidase-labeled antibody against LDH-M4 isozyme, the deposits of DAB reaction were recognized in the amorphous cytoplasm of parenchymal cells (Fig. 5-a Wachsmuth et al., 1969) , and the activity of LDH is contained mainly in the soluble fraction obtained by the cell fractionation technique. On the other hand, LDH of the liver was reported to be localized in the amorphous cytoplasm as well as in the mitochondria, when examined by the enzyme histochemical technique (Hecker, 1972; Hanker et al., 1973) . Contrary to the reports mentioned above, LDH-M4 was found to exist in the nuclear fraction (Agostoni et al., 1966) , and LDH-H4 was proven to be present in the nuclear fraction (Prokovsky et al., 1969) . In this study, however, the nuclei were not stained by either the immunohistochemical and the enzyme histochemical method. Since the nuclear fraction is easily contaminated by other cell organellae during fractionation, their results may be due to contamination by other cell organellae. LDH was present in the amorphous cytoplasm near the rough-surfaced endoplasmic reticulum, on the cell membrane facing Disse's space, along the bile canaliculi, and in the mitochondria. But it is difficult to draw the conclusion from the present study that LDH would distribute itself on the cell membrane. Tsygankov et al. (1971) and Wachsmuth et al. (1968) investigated the distribution of LDH isozyme in liver by the enzyme histochemical method, and reported that LDH-M4 isozyme was noticed mainly in the cytoplasm of liver cells. By using immunofluorescent technique, Ito et al. (1973) found that LDH-M4 was localized diffusely in the cytoplasm, and LDH-H4 distributes itself in the cytoplasm as well as near the cell membrane in bovine liver. In the present study, LDH-M4 was localized diffusely in the cytoplasm of parenchymal cells by using peroxidase-labeled antibody method (Fig. 4-a) . On the other hand, LDH-H4 was localized both in the cytoplasm of parenchymal cells and near the cell membrane facing Disse's space (Fig. 4-b) . These results almost accord with those of Ito et al. (1973) . In mitochondria, neither isozyme was detected on carbowax sections by using the peroxidase-labeled antibody method. However, the isolated mitochondria were stained by the antibody against LDH-H4 isozyme, but not stained by the antibody against LDH-M4 isozyme. These results were well in accordance with the biochemical analysis indicated in Fig.7 , so it is suggested that the antigenicity of the isozyme would not change according to the fixation procedure.
As already mentioned, the activity of LDH was demonstrated, by enzyme histochemical method, in the amorphous cytoplasm, in the area adjacent to the cell membrane facing Disse's space and bile canaliculi as well as in the mitochondria.
However, the immunohistochemical technique made it possible to localize LDH-M4 and LDH-H4 separately within a cell, i.e., the former was localized in the amorphous cytoplasm, which may correspond to the glycogen area, while the latter was recognized in the mitochondria, near the cell membrane facing Disse's space and the bile canaliculi, in addition to the amorphous cytoplasm. Consequently, the immunohistochemical study on the isozyme was found to give more detailed information on the nature of an enzyme than the histochemical survey, since the latter is not able to differentiate the stainability of each isozyme, unless a specific inhibitor for each isozyme or some other appropriate conditions are developed.
